Paralleled DC-DC converters system normally is operated with current-sharing control to achieve equal current distribution among the converters connected in parallel. However, the added currentsharing control might make the paralleled DC-DC converters system suffer from potential degradation of stability and dynamic performances. Hence, the stability analysis of paralleled DC-DC converters system is a hot issue. In order to analyze the stability of paralleled DC-DC converters system accurately and effectively, an extended stability analysis method based on Floquet theory is proposed for paralleled DC-DC converters system in this paper with considering the periodic disturbance. And, a paralleled buck converters system with average current-mode control is taken as an analysis object. The extended stability criterion of paralleled buck converters system based on Floquet theory is derived. Finally, the simulation and experimental results verify the correctness and effectiveness of the proposed stability criterion with considering the periodic disturbance. This paper provides a new choice for the stability analysis of paralleled DC-DC converters system.
I. INTRODUCTION
Paralleled DC-DC converters system has been widely used in DC distributed power systems due to its redundancy, high reliability, and expandability of output capability [1] - [4] . For paralleled DC-DC converters system, it is very important to evenly distribute the load-current among the converters connected in parallel [5] . The imbalance of the load-current can result in high thermal stresses on the power devices and even lead to the breakdown of the power devices and the converters system [6] . Therefore, various current-sharing control schemes have been extensively applied into the paralleled systems in order to achieve equal current distribution among the converters [7] . Among the current-mode control The associate editor coordinating the review of this manuscript and approving it for publication was Guangdeng Zong .
schemes [8] - [15] , average current-mode control is widely used in the paralleled system. However, the interaction among converters connected in parallel, coupled with many current-sharing loops and voltage loops, may make the stability analysis of paralleled system with average current-mode control more complicated [16] , [17] .
In the literature, the stability analysis methods for paralleled DC-DC converters system with average current-mode control have been proposed and discussed, which mainly focus on the stability analysis in the frequency domain. In [10] , it is pointed out that Nyquist criterion is impractical to be used for analyzing the stability of multi-module paralleled DC-DC converters system due to the complexity of the full small-signal model. The reduced-order small-signal models are further developed in [9] - [13] to analyze the stability of multi-module paralleled DC-DC converters system, however, VOLUME 8, 2020 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ which is only suitable for multi-module paralleled DC-DC converters system with identical converters, i.e., the circuit and control parameters of each converter in the paralleled system are the same. The stability of paralleled DC-DC converters system with average current-mode control can also be analyzed in the time domain. In [19] , the stability of the two-module paralleled buck converters is analyzed via the bifurcation diagram, but this kind of numerical simulation method is quite timeconsuming, it is lack of practicality for three or multi-module paralleled buck converters system. Therefore, the existing stability analysis methods for paralleled DC-DC converters systems, whatever in frequency domain or time domain, lack the practicability, especially for the three or more paralleled DC-DC converters systems. In addition, the stability analysis methods for paralleled DC-DC converters system under periodic time-vary disturbance has not been studied in the literatures. As well known that for the paralleled DC-DC converters system which is with an AC-DC rectifier circuit served as the DC input, the stability of the paralleled DC-DC converters system will deteriorate due to the existing of the second harmonic components in the input DC input [18] . To solve these problem, an extended stability analysis method based on Floquet theory is proposed in this paper for N -paralleled DC-DC converters system.
Floquet theory is originally used to determine the stability of periodic motions by the eigenvalues of the state transition matrix [20] . In literatures, Floquet theory, combined with harmonic balance method, is used for the stability analysis of PFC converters [21] , [22] and DC-AC inverters [23] , [24] . And then Floquet theory, combined with Filippov method, is applied into the stability analysis of interleaved boost converter [25] . In [25] , the state transition matrix over the complete switching period can be obtained by calculating the state transition matrices before and after each switching and the saltation matrices. However, as the number of paralleled converters increases, the number of the state transition matrices before and after each switching and the number of saltation matrices will also increase certainly, which lead to the calculation of the state transition matrix over the complete switching period rather complicated. Further, the stability of paralleled DC-DC converters system with time-varying signals has not been analyzed in the current literatures.
It is difficult to apply the aforementioned stability analysis methods into the multi-module paralleled DC-DC converters system with current-sharing control, such as average current-mode control. In this paper, the calculation of the state transition matrix over the complete switching period is simplified by averaging the state variables during one switching period, which makes Floquet theory easy to be applied into the stability analysis of multi-module paralleled DC-DC converters system. In this paper, the N -module paralleled buck converters system with average current-mode control is taken as an analysis object. In order to compare with the traditional small-signal analysis method, Nyquist criterion is derived to analyze the stability of the same paralleled DC-DC converters system. This paper is organized as follows: an N -module paralleled buck converters system with average current-mode control is presented in Section II. In Section III, the stability criterion of N -module paralleled buck converters system with average current-mode control is analyzed and derived based on Floquet theory and Nyquist criterion, respectively. In Section IV, according to whether there exists large AC disturbance in the input voltage, two cases are analyzed based on Floquet theory. And the theoretical, simulation and experimental stability analysis results under these two cases are respectively provided. In Section V, the conclusions are drawn.
II. PARALLELED BUCK CONVERTERS SYSTEM WITH AVERAGE CURRENT-MODE CONTROL
The block diagram of N -module paralleled buck converters system with average current-mode control is shown in Fig. 1 . In Fig. 1 , u o is the output voltage, u cv the current reference, u f the output voltage sensing signal, u e the voltage error signal, V ref the reference voltage, V m the amplitude of triangular wave, H v the gain of output voltage sensing circuit, i Li the inductance current, u coni the control voltage of current loop, H ci the gain of the inductor current sensing circuits, and d i is the duty cycle, where i = 1, 2, . . . , N . The voltage compensator and current compensators both adopt proportional-integral (PI) control. k Pv and k Iv represent the proportional coefficient and integral coefficient of voltage compensator, respectively. k Pci and k Ici represent the proportional coefficient and integral coefficient of current compensator, respectively.
In Fig. 1 , N buck converters connected in parallel feed a common load R o . Each buck converter is with a common voltage loop, but has its own current sensing circuit, current compensator, and pulse width modulator (PWM). Namely, each buck converter in the paralleled system is under double-loop control which consists of the outer voltage loop and the inner current loop. The control voltage of voltage loop provides a common reference for the inductor current of each buck converter. Fig. 2 shows the main circuit of N -module paralleled buck converters system with average current-mode control. Firstly, the output voltage u o is samped by the voltage sampling circuit and feedback signal u f is obtained; u f is compared with the reference voltage V ref to obtain a voltage error signal u e ; through a PI controller, the control voltage u cv can be obtained. Secondly, the inductor current i Li is samped by the current sampling circuit and feedback signal i fi is obtained; by comparing with the control voltage u cv obtained from the outer voltage loop, the current error signal i ei can be determined; through a PI controller, the control current u coini can be obtained. Finally, u coini is the modulation waveform for pulse width modulation (PWM); d i is obtained by a pulse width modulator, where i = 1, 2, . . . , N . Since the same control voltage u cv is used for each Buck converter, the paralled DC-DC converters system can achieve current sharing control. In Fig. 2 , R Si is the on-resistance of power MOSFET S i , and R Li is the equivalent series resistance of inductor L i , where i = 1, 2, . . . , N . The buck converters in the paralleled system operate in continuous conduction mode. That is, diode D i is always in complementary state to power MOSFET S i in each buck converter, where i = 1, 2, . . . , N . To ensure the buck converters to operate in current continuous mode, the inductor
The parasitic resistance of the output capacitor is usually very small for milliohm level, therefore, the effect of parasitic resistance on stability of paralleled system can be neglected [26] .
III. STABILITY ANALYSIS OF PARALLELED SYSTEM
Firstly, the stability of N-module paralleled buck converters system with average current-mode control is analyzed based on Floquet theory in this section. Subsequently, in order to compare with the traditional small-signal analysis method, the stability of the same paralleled system is analyzed based on Nyquist criterion.
A. STABILITY ANALYSIS BASED ON FLOQUET THEORY
According to Fig. 1 , the control voltage u cv of voltage loop can be derived as (1) , and the control voltage u coni of current loop can be derived as (2), where i = 1, 2, . . . , N . Here, voltage compensator and current compensator are all PI controller.
The large-signal equivalent circuit of N -module paralleled buck converters system is shown in Fig. 3 .
According to Fig. 3 , the ith buck converter in N -module paralleled systems can be represented by (3) based on KCL and KVL, where V Di is the forward voltage drop of diode D i , and i = 1, 2, . . . , N.
The differential equation of u cv can be calculated by substituting (3) into (1), as given in (4) .
The differential equations of u coni can be calculated by substituting (3) into (2), as given in (5), where i = 1, 2, . . . , N . 
According to the characteristic of PWM, the duty cycles d i can also be represented by (6) .
The state equations of N -module paralleled buck converters system with average current-mode control can be obtained by summarizing (3) to (6) . Then the state equations of N -module paralleled system can be expressed as (7) .
Here (10).
The steady-state periodic solution of the system in (7) is denoted as
and its period is denoted as T . It's worth noting that, for the paralleled DC-DC converters system without time-varying signal, the steady-state periodic solution is constant. In this case, the period T of the steady-state periodic solution could be an arbitrary positive number, and then X 0 (t) = X 0 (t + T ) is satisfied. The steady-state periodic solution X 0 can be obtained by setting the right-hand side of (7) equal to zero. When the system suffers small perturbation δ(t), the stability of the system in (7) can be determined by the stability of the following equivalent system [21] , as given in (11) .
where, J [t, X 0 ] is the Jacobi matrix of the system in (7) at the steady-state periodic solution X 0 , and
According to Floquet theory, if ϕ(t) is a fundamental matrix solution of the system in (11) , there exist a nonsingular matrix P(t) with T -period and a constant matrix E such that
Therefore, ϕ(t + T ) is also a fundamental matrix solution. Moreover, there is only one fundamental matrix solution for the system in (11) 
The matrix F is named as state transition matrix, and the eigenvalues of matrix F are named as Floquet multipliers. According to the stability criterion based on Floquet theory, the system is stable when the maximum among the modulus of Floquet multipliers is less than 1, while the system is unstable when the maximum among the modulus of Floquet multipliers is greater than 1.
For PFC converters [21] , [22] and DC-AC inverters [23] , [24] , the systems operate in a steady state with a fixed period, which determines the value of T in the state transition matrix F. However, for paralleled DC-DC converters system, its steady-state periodic solution X 0 is constant and the matrix A(t) is also a constant matrix, so the paralleled system can be regarded as a special case of the periodic system [28] . Namely, the system in (11) meets periodicity if the period T is an arbitrary positive number. Accordingly, if the paralleled system can meet the stability criterion based on Floquet theory for the arbitrary positive number T , the paralleled system is determined to be stable. When A(t) is a constant matrix, we can choose P(t) = I and E N = A(t), and then the fundamental matrix solution ϕ(t) composed of P(t) and E N can meet (11) .
Therefore, the matrix E N is the Jacobi matrix of the system in (7) at the steady-state periodic solution X 0 , as shown in (13) . In this paper, the controller parameters are taken as an example to study the stability of system, so the closed-loop Jacobian matrix can be obtained.
where, N is the number of converters in this N-module paralleled systems. The submatrices in the matrix E are given as (14) , and a i , c i , e i , f i in (14) is shown in (15) . Where I Li is the steady-state inductor current, D i is the steady-state duty cycle, and i = 1, 2, . . . , N . a 2 , . . . , a N ), E 31 = M 31 , E 33 = diag(e 1 , e 2 , . . . , e N ),
Therefore, the state transition matrix F can be derived:
where, N is the number of converters in this N-module paralleled systems. The Floquet multiplier ε j can be obtained by |εI − F| = 0, where j = 1, 2, . . . , 2(N + 1). Defining that Z max = max{|ε 1 |, |ε 2 |, . . . , |ε 2(N +1) |}, namely, Z max is the maximum among all the modulus of Floquet multipliers. According to the stability criterion based on Floquet theory, if Z max < 1, the paralleled system will be stable, otherwise, the paralleled system is unstable [24] .
B. STABILITY ANALYSIS BASED ON NYQUIST CRITERION
In order to compare with the analysis process based on Floquet theory, Nyquist criterion is derived to analyze the stability of the same paralleled system in this subsection. Nyquist criterion is based on the open-loop frequency characteristic to determine the stability of closed-loop system, so it is essential to obtain the open-loop transfer function of paralleled system. Fig. 4 shows the small-signal equivalent circuit of N -module paralleled buck converters system. And the smallsignal equivalent circuit is corresponding to the equation obtained by linearizing (7) . In Fig. 4 ,û in is the small-signal perturbation in input voltage,û o the small-signal perturbation in output voltage,î Li the small-signal perturbation in inductor current, andd i is the small-signal perturbation in duty cycle, where i = 1, 2, . . . , N . From Fig. 4 , the power-stage transfer functions between the output variables (including output voltageû o and inductor currentsî Li ) and the input variables (including duty cyclesd i ) can be derived. Due to the interaction among the converters connected in parallel, the cross transfer functions between the small-signal perturbation in inductor current of one converter and the small-signal perturbation in duty cycle of another converter are also included, which makes the closed-loop small-signal model of paralleled system complicated [27] . Fig. 5 shows the closed-loop transfer function block diagram of N -module paralleled buck converters system with average current-mode control. In Fig. 5,û Fig. 6 shows the flowcharts of two stability analysis methods for N -module paralleled buck converters system with average current-mode control. From Fig. 6 , it is obvious that as the number of the converters in paralleled system increases, the number of transfer functions in the closed-loop small-signal model grows dramatically for the stability analysis method based on Nyquist criterion. In detail, if there are N converters in paralleled system, the number of transfer functions in the closed-loop small-signal model accordingly grows to N 2 +4N +2, which includes N (N +1) power-stage transfer functions and (3N +2) control-stage transfer functions. Normally, the closed-loop small-signal model of the paralleled system becomes too complex to obtain the open-loop transfer function in practice. By contrast, only 2(N +1) state equations are needed for the stability analysis method based on Floquet theory.
To compare the stability analysis method based on Floquet theory with the stability analysis method based on Nyquist criterion in detail, a two-module paralleled buck converters system with average current-mode control is taken as an example to illustrate the analysis process and the complexity.
According to Fig. 4 , when two buck converters are connected in parallel, the power-stage transfer functions between the small-signal perturbation in output voltage and the smallsignal perturbation in duty cycles are given by (17) .
where, (s)
The power-stage transfer functions between the smallsignal perturbation in inductor current and the small-signal perturbation in duty cycle are given by (18) .
The cross transfer functions between the small-signal perturbation in inductor current of one converter and the small-signal perturbation in duty cycle of another converter are given by (19) .
According to Fig. 5 , the small-signal perturbation of duty cycle can be derived as (20) , where i = 1, 2.
The small-signal perturbations of inductor currents can be derived as (21) .
The small-signal perturbation of output voltage can be derived as (22) .û
The open-loop transfer function of paralleled system can be obtained by solving (19)- (21) , and is given as (23) .
In (23),
From (18)-(24), it can be seen that for a two-module paralleled buck converters system, the expressions of all required transfer functions are so tedious. And when the number of paralleled converters in the system increases, the transfer functions will become more complex, which eventually makes the stability analysis process quite difficult. Above all, it is impractical for analyzing the stability of N -module paralleled converters system with the stability analysis method based on Nyquist criterion when N ≥ 3.
By comparing with the analysis method based on Nyquist criterion, the analysis method based on Floquet theory has the following advantages: 1) the stability analysis based on Floquet theory is in time domain, therefore, the complicated derivation process of open-loop transfer function to obtain Nyquist criterion in frequency domain can be avoided, which greatly reduces the computation workload; 2) the modeling and derivation of the stability criterion based on Floquet theory is easier to be put forward for N -module paralleled converters system when N ≥ 3, namely, the stability analysis method based on Floquet theory has better extensibility; 3) comparing with Nyquist criterion, based on Floquet theory, the stability margin of the system can be obtained more intuitively according to the distribution of the eigenvalues in the complex plane; 4) According to the eigenvalues sensitivity [29] , the circuit parameters that have the greatest impact on the stability of the system can be found, which is beneficial to the system parameter design.
IV. SIMULATION AND EXPERIMENT VERIFICATION FOR TWO-MODULE PARALLELED BUCK CONVERTERS SYSTEM
Floquet theory can analyze the stability of system with timevarying signal. In this Section, according to whether there exists large AC disturbance in the input voltage, two cases are analyzed. And the theoretical, simulation and experimental stability analysis results under these two cases are respectively provided. 
Case I: The input voltage is constant
The theoretical analysis, simulation and experimental results based on Floquet theory and based on Nyquist criterion will be provided and compared for this two-module paralleled buck converters system. The stability boundary of k Pv vs. k Iv is taken as an example to show the obtained stability criterion. The main circuit parameters of the two-module paralleled buck converters system are shown in TABLE 1, and its control circuit parameters are shown in TABLE 2. It should be noticed that the proposed stability analysis method based on Floquet theory is also suitable to analyze the stability of the paralleled converters system with same control parameters.
The stability boundaries of k Pv vs. k Iv based on Floquet theory (red curve), based on PSIM simulation (blue curve) and based on Nyquist criterion (black curve) are shown in Fig. 7 , where the hatched region represents the stable region of two-module paralleled buck converters system obtained based on PSIM simulation. It can be seen that the stable region based on Floquet theory is same as the stable region based on Nyquist criterion, which is basically in accordance with the stable region based on PSIM simulation. The accuracy and correctness of the stability criterion based on Floquet theory are proved.
A. THEORETICAL RESULTS BASED ON FLOQUET THEORY
According to the stability analysis based on Floquet theory in Section III, the matrix E N for the two-module paralleled buck converters system can be obtained by replacing N with 2 in (11) . Then the state transition matrix F for the two-module paralleled buck converters system can be derived according to (16) . Based on |εI − F| = 0 and Z max = max |ε 1 | , |ε 2 | , . . . , ε 2(N +1) , when k Iv = 1500 and k Pv changes from 6.5 to 7.5, the Z max curves can be obtained with T = 0.001 based on Matlab, as seen in Fig. 8 (a) . And the Z max curves with different period T can be plotted and shown in Fig. 8 (b) . From Fig. 8 , it can be seen that Z max curves are monotonic decreasing and lower than 1 when k Pv ≤ 7.0, while Z max curves are monotonic increasing and greater than 1 when k Pv ≥ 7.1. Therefore, according to the stability criterion based on Floquet theory, the paralleled system is stable when k Pv ≤ 7.0, while the paralleled system is unstable when k Pv ≥ 7.1.
B. THEORETICAL RESULTS BASED ON NYQUIST CRITERION
Based on (23), when k Iv = 1500 and k Pv changes from 6.5 to 7.5, the pole-zero map of open-loop transfer function for the two-module paralleled buck converters system is obtained based on Matlab, as shown in Fig. 9 . As can be seen from Fig. 9 , when k Pv changes from 6.5 to 7.5, the number of RHP poles in open-loop transfer function is zero.
Based on (20) , when k Iv = 1500 and k Pv changes from 6.5 to 7.5, the Nyquist diagram of open-loop transfer function for the two-module paralleled buck converters system is shown in Fig. 10 . As can be seen from Fig. 10, (-1, j0) Therefore, according to Nyquist criterion, the paralleled system is stable when k Pv ≤ 7.0, while the paralleled system is stable when k Pv ≥ 7.1.
For the two-module paralleled buck converters system, the stable range of k Pv when k Iv = 1500 can be obtained based on Floquet Theory and based on Nyquist Criterion, respectively, as given in TABLE 3. From TABLE 3 , it can be seen that the stable range based on Floquet theory is same as the stable range based on Nyquist criterion for the same paralleled system.
C. SIMULATION RESULTS
In PSIM simulation, the solver type in PSIM software cannot be modified, and the switching frequency and time step have a slight effect on the simulation results. In order to ensure the accurate simulation results, the time step should be less than one tenth of the switching period. In this paper, the switching frequency is given by TABLE 1, and the time step is selected as 1e-6. Fig. 11 shows the simulation results based on PSIM for the two-module paralleled buck converters system. In Fig. 11(a) , the DC input voltage is given. As shown in Fig. 11(b) , the output of the paralleled system is stable with k Pv = 6.9. In Fig. 11(c) , the output voltage of paralleled system appears low-frequency oscillation phenomenon, so the paralleled system is unstable when k Pv = 7.0. From simulation results, it can be concluded that the paralleled system is stable when k Pv ≤ 6.9, while the paralleled system is stable when k Pv ≥ 7.0.
By comparing Fig. 8 and Fig. 11 , the simulation results are basically consistent with the theoretical analysis results based on Floquet Theory, which proves the correctness of the stability analysis based on Floquet theory.
D. EXPERIMENTAL RESULTS
To further verify the correctness of the proposed stability analysis method based on Floquet theory, experiments have been carried out. The parameters in the experiment are the same as those in the simulation. Fig. 12 shows an experimental setup for the two-module paralleled buck converters system. In experiment, the digital processor DSP 28335 is used for the control, the resistance voltage divider is adopted to sample the output voltage and the current sensor is adopted to sample the inductor current, the sampled inductor current is compared with the same voltage reference signal u cv to achieve averaged current mode control (CMC). The sampling frequency is 100 kHz. Fig. 13 shows the experimental results for the two-module paralleled buck converters system. In Fig. 13(a) , the DC input voltage is given. In Fig. 13(b) , the paralleled system works in stable state when k Pv = 7.1. In Fig. 13(c) , the output voltage of paralleled system appears low-frequency oscillation phenomenon, so the paralleled system is unstable when k Pv = 7.2. By comparing Fig. 11 and Fig. 13 , it can be concluded that the experimental results are basically consistent with the simulation results of paralleled system.
Case II: The input voltage with AC periodic disturbance
A. THEORETICAL RESULTS BASED ON FLOQUET THEORY In this part, the DC input voltage superimposed by a large AC periodic disturbance is considered, such as the case that the output voltage of an uncontrolled rectifier with capacitor filtering is served as the DC input of the paralleled buck converters. Assuming that there is an AC disturbance v in in the input voltage of the system, the frequency of the AC disturbance is 100Hz, and its amplitude is 1V, namely, v in = sin(200πt). Then the matrix E for the two-module paralleled buck converters system can be obtained by replacing V in with V in +v in in (11) . Therefore, (11) will be a matrix with a period of T = 0.01. To calculate the state transition matrix, it is necessary to divide T =0.01 into M sub-intervals for the case that the input with the AC disturbance v in = sin(200πt). Further, the state transition matrix F for the two-module paralleled buck converters system can be derived according
where T is the period of AC disturbance and M is a sufficiently large positive integer. Taking a two-module paralleled buck converters system as an example, the stability of system can be obtained when Therefore, based on Floquet theory, the paralleled system is stable when k Pv ≤ 7.0, while unstable when k Pv ≥ 7.1.
B. SIMULATION RESULTS
In PSIM simulation, the time step is selected as 1e-6 s. Fig. 15 shows the simulation results for the two-module paralleled buck converters system. In Fig. 15(a) , the input voltage with periodic time-vary disturbance is given. As seen in Fig. 15(b) , the output of the paralleled system is stable with k Pv = 6.9. In Fig. 15(c) , the output voltage of paralleled system appears low-frequency oscillation phenomenon, so the paralleled system is unstable when k Pv = 7.0. It can be concluded that the paralleled system is stable when k Pv ≤ 6.9, while unstable when k Pv ≥ 7.0. By comparing Fig. 14 and  Fig. 15 , the simulation results are basically consistent with the theoretical analysis results based on Floquet Theory, which proves the correctness of the stability analysis based on Floquet theory. 
C. EXPERIMENTAL RESULTS
In experiment, the AC disturbance is added into the input voltage 12V of the paralleled DC-DC converters system. The added disturbance voltage amplitude is 1V, frequency is 100Hz, so as to simulate the input voltage with AC disturbance.
The experimental results are shown as Fig. 16 . Fig. 16 (a) shows the input voltage with periodic time-vary disturbance. In Fig. 16(b) , when k Pv = 7.1, the output voltage ripple is less than 5%, the frequency is 100Hz, the paralleled system works in stable state. In Fig. 16(c) , when k Pv = 7.2, the output voltage appears low-frequency oscillation phenomenon, so the system is unstable. By comparing Fig. 15 and Fig. 16 , it can be concluded that the experimental results are basically consistent with the simulation results.
V. CONCLUSION
In this paper, an extented stability analysis method for paralleled DC-DC converters system with considering the periodic disturbance based on Floquet theory is proposed. According to the simulation and experimental results, the proposed stability analysis method based on Floquet theory is practical and accurate. Further, the modelling process need not the transformation from time domain to frequency domain, therefore, the complicated derivations of open-loop transfer functions of the paralleled DC-DC converters system can be avoided comparing with the conventional Nyquist criterion. What's more, the proposed stability analysis method based on Floquet theory is convenient to be applied into multi-module paralleled DC-DC converters systems due to its modeling and analysis ways. The proposed method in this paper provides a new choice for the stability analysis of multi-module paralleled DC-DC converters systems in real applications.
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